1. Introduction
===============

Over the past 2 decades, awareness of sagittal imbalance has increased. As a consequence, recognition of the importance of restoring sagittal balance in the surgical treatment of adult spinal deformity has also increased.^\[[@R1]\]^ Because sagittal imbalance has a significant relation with health-related quality of life (HRQoL) deterioration and surgical outcome in symptomatic adults with degenerative spinal disorders, correction of sagittal imbalance is important for achieving good surgical outcomes and HRQoL.^\[[@R2],[@R3]\]^

Sagittal imbalance of adult spinal deformity has various etiologies^\[[@R4]\]^ and can develop gradually over many years. However, sagittal alignment does not deteriorate in all individuals as they get older.^\[[@R2],[@R4]\]^

Because sagittal imbalance is a multifactorial complex deformity that can arise from a variety of causes such as spinal stenosis, sarcopenia, vertebral fracture, osteoporosis, body mass index (BMI), and neuromuscular diseases; therefore, it is very difficult to determine predisposing factors of an aggravating sagittal imbalance. Furthermore, there is lack of research regarding spinal and general conditions that precede the development of sagittal imbalance. Therefore, the purpose of this study was to evaluate the natural course and aggravating factors of sagittal imbalance associated with various spinal and general conditions in a Korean elderly cohort with sagittal imbalance.

2. Methods
==========

The institutional review board of our institute granted approval for this study (approval number CNUH-2016-127).

This prospective cohort study is a longitudinal cohort study that follows over 2 years a group of sagittal imbalance individuals to determine aggravating factors of sagittal imbalance.

In the first year, we recruited volunteers who were older than 65 years and exhibited a stooping posture in daily living. Before enrolling subjects, we checked the full spine radiograph to confirm that volunteers had a sagittal vertical axis (SVA) larger than 50 mm.^\[[@R5],[@R6]\]^ A total of 96 participants volunteered to participate (Fig. [1](#F1){ref-type="fig"}) and gave written consent for participation in this Korean elderly sagittal imbalance cohort study (KESICS). Exclusion criteria were age less than 65 years, previous spinal surgery, infection, malignancy, neuromuscular disease, bed-ridden state, or acute fracture.

![Participants enrolled in the prospective cohort study.](medi-99-e19551-g001){#F1}

During the first year, we examined the whole spine MRI, blood test, bone mineral density (BMD), visual analog scale (VAS), the Oswestry Disability Index (ODI), the Short Form -36 Health Survey (SF-36), and mini-mental state examination (MMSE). In the third year, we resumed the tests on the patients.

We measured the SVA, pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS), lumbar lordosis (LL), thoracic kyphosis (TK), and T1 pelvic angle (T1PA), as well as the SRS-Schwab sagittal modifiers.^\[[@R5],[@R6]\]^ To evaluate competent muscles, we measured the cross-sectional area (CSA) of the multifidus (MF) muscle, erector spinae muscle, and psoas muscle at the lumbar 4/5-disc level (Fig. [2](#F2){ref-type="fig"}). We evaluated muscle fatty change using the Goutallier classification system.^\[[@R7]\]^ Furthermore, we confirmed the whole lumbar disc degeneration using Pfirrmann grade,^\[[@R8]\]^ canal stenosis,^\[[@R9]\]^ foraminal stenosis,^\[[@R10]\]^ old compression fracture, and spondylolisthesis in the thoracolumbar spine through whole spine MRI.

![Lateral standing radiograph and lumbar MRI of a 73-year-old woman with sagittal imbalance. (A) Baseline (initial) image showing 49.3° T1PA, 30.1° PT, 69.8° PI, 37.3° SS, 1.9° TK, 12° LL and 208 mm SVA. Lumbar MRI at L4-5disc level showing Goutallier classification grade 4 (Cross sectional area of multifidus measured 326 mm2). (B) At 1 year after, follow-up, lateral standing radiograph showing aggravation of sagittal imbalance with 60° T1PA, 30.6° PT, 72.4° PI, 41.3° SS, 1.1° TK, 2.2° LL and 275 mm SVA.](medi-99-e19551-g002){#F2}

To our best knowledge, there is no definite value is defined as aggravation of sagittal imbalance. Therefore, in the third-year of follow-up, we defined aggravation of sagittal imbalance markers as increase of more than 3 degrees in T1PA and increase of more than 30 mm in SVA compared to values obtained the first-year evaluation regarding measurement error.

In the first year, we identified marked deformities and mild to moderate deformities utilizing the SRS-Schwab sagittal modifiers. Throughout the third year, we analyzed the natural history and aggravation of the sagittal imbalance according to deformity severity: marked deformity group vs mild to moderate deformity group.

All statistical analyses were performed using SPSS version 18.0 software (SPSS Inc., Chicago, Illinois, USA). Data analysis was conducted using the Mann--Whitney *U* test and the logistic regression analysis to compare results within the group. Statistical significance was defined as *P* \< .05.

3. Results
==========

From a total of 96 participants, 27 participants were not included in the third-year follow-up period (Fig. [1](#F1){ref-type="fig"}). The causes of follow-up loss were nursing hospital admission, dementia, hip fracture, and refusal to participate in the follow-up evaluation. Therefore, 69 participants were enrolled in the third-year examinations. Among 69 participants, 18 (26%) participants presented a deteriorated sagittal imbalance compared to the baseline. According to deformity severity in the first-year evaluations, the marked deformity group (38 participants) had 11 (28.9%) participants presenting with aggravation of the sagittal imbalance, while the mild to moderate deformity group (31 participants) had 7 (22.5%) participants with deteriorated sagittal imbalance (Table [1](#T1){ref-type="table"}). In the marked deformity group, participants with an aggravation of sagittal imbalance had larger mean values of SVA, T1PA, PI, PT, and PI-LL compared with non-aggravation participants (Table [2](#T2){ref-type="table"}). Fatty changes and muscle volume of paraspinal muscles were not statistically different between the aggravation group and nonaggravation group (Table [3](#T3){ref-type="table"}). Pfirrmann grade for evaluating lumbar disc degeneration was similar between the 2 groups (Table [4](#T4){ref-type="table"}). Lumbar spine central and foraminal stenosis grade, the number of spondylolisthesis, and old vertebral fractures were not different between the 2 groups (Table [5](#T5){ref-type="table"}). SF-36, ODI, and MMSE in the aggravation and nonaggravation groups revealed similar mean values (Table [6](#T6){ref-type="table"}). Aggravating factors of sagittal imbalance in marked deformity were high PI and a small volume of multifidus muscle assessed by using logistic regression analysis (Table [7](#T7){ref-type="table"}).

###### 

Demographics of the marked deformity and mild to moderate deformity groups.
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###### 

Radiologic parameters of the marked deformity and mild to moderate deformity groups.
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###### 

Muscle characteristics of the aggravation group and noaggravation group.
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###### 

Pfirrmann grade for evaluating disc degeneration between aggravation and nonaggravation groups.
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###### 

Spinal diseases in the aggravation and non-aggravation groups.
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###### 

Findings of SF-36, ODI, and MMSE in aggravation and non-aggravation groups.
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###### 

Aggravating factors of sagittal imbalance in the marked deformity group.
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4. Discussion
=============

Recently, many studies and concepts regarding spine sagittal balance have emerged.^\[[@R3],[@R5],[@R11]\]^ Sagittal imbalance is correlated to HRQoL and disability significantly regardless of spinal surgery.^\[[@R2],[@R3]\]^ Sagittal balance should be considered when spinal surgery is required. The natural history of sagittal imbalance has not been well known due to a lack of prospective cohort studies. Our study differs from previous cross-sectional studies regarding the correlation between sagittal imbalance and HRQoL with disability.^\[[@R1],[@R2],[@R4]\]^ In our study, to evaluate the natural course and aggravation of sagittal imbalance, we recruited participants aged more than 65 years and who had an SVA of more than 50 mm. We conducted a follow up at 2 years without administering treatment. From the 69 participants of the follow-up, 18 (26%) participants presented a deteriorated sagittal imbalance. According to deformity severity evaluations from the first year, the marked deformity group (38 participants) had 11 (28.9%) subjects exhibiting aggravation of the sagittal imbalance and the mild to moderate deformity group (31 participants) had 7 (22.5%) participants who presented deteriorated sagittal imbalance. The prevalence of aggravation of sagittal imbalance was not significantly different between the marked deformity group and the mild to moderate deformity group. However, in the marked deformity group, participants with severe sagittal deformity presented a more aggravated sagittal imbalance. Furthermore, we found that a higher PI and smaller MF volume were correlated to the aggravation of the sagittal imbalance.

Progressive loss of lumbar lordosis results from hypertrophic facet joint arthritis, disc degeneration, bone remodeling with bony spurs, vertebral compression fracture, and atrophy of extensor muscles. Progressive lumbar kyphosis results in a progressive development of a global sagittal imbalance.^\[[@R4],[@R12]\]^ In our study, we evaluated causes of sagittal imbalance such as central stenosis, foraminal stenosis, disc degeneration, vertebral compression fracture, and characteristics of muscles; no significant difference was observed between the aggravation and nonaggravation of sagittal imbalance groups. Because all participants already had a sagittal deformity, there was no significant difference regarding the aggravation of sagittal imbalance. The definition of aggravation of sagittal imbalance remains unclear, as there are no reference and criteria for evaluation of the deterioration of sagittal imbalance. Previous studies reported the standard deviation of T1PA was maximum 1.70 degrees.^\[[@R13]\]^ The measurement of SVA was more reliable than that of PI-LL and PT among SRS-Schwab sagittal modifiers because of exclusion of the 2 femoral heads. Therefore, we defined the aggravation of sagittal imbalance as increase of more than 3 degrees in T1PA and increase of more than 30 mm in SVA compared to the baseline as sufficient criteria.^\[[@R6],[@R13]\]^

Previous studies have suggested that increasing the PI can be related to the progressive loss of LL with age.^\[[@R14],[@R15]\]^ Increase in PT indicates that pelvic retroversion appears before SVA changes positively.^\[[@R16]\]^ In this study, a higher PI, higher PT, and higher PI-LL in the aggravation group of marked deformity were found compared with the nonaggravation group. The PI-LL mismatch is one of the main causes of sagittal imbalance.^\[[@R17]\]^ Kim et al^\[[@R18]\]^ stated that PI-LL mismatch is associated with pathologic changes and not the normal aging process of the spine. Among these parameters, we found that a higher PI is an aggravating factor of sagittal imbalance.

We investigated the cross-sectional area of the MF, ES, and psoas muscles at the L4/L5 level based on the result that the total back extensor strength is significantly affected by lumbar extensors muscle rather than by the thoracic extensors muscle.^\[[@R19]\]^ Banno et al^\[[@R20]\]^ found that the CSA of the MF muscle was significantly associated with all spinopelvic parameters in elderly patients with adult spinal deformity. Furthermore, the MF muscle has been identified to be the key back muscle for stabilizing the lumbar segments and maintaining lumbar lordosis.^\[[@R21]\]^ In this context, the smaller CSA of MF muscle became one of the aggravating factors of sagittal imbalance.

This study has some limitations. First, it did not include a large number of subjects. Due to a relatively small number of subjects, our results cannot be generalized the aggravation of the sagittal imbalance. Further investigations of aggravating factors utilizing a larger number of subjects will be performed in the future. Second, the follow-up period of this study may be too short to evaluate the natural history and aggravation of sagittal deformity. A longer follow-up cohort study is needed.

5. Conclusion
=============

Among 69 participants who underwent follow-up, 18 (26%) participants presented with deteriorated sagittal imbalance. According to the deformity severity assessment in the first-year evaluations, the marked deformity group (38 participants) had 11 (28.9%) participants with aggravation of sagittal imbalance. A higher PI and smaller MF volume correlated with the aggravation of sagittal imbalance. We should consider that high PI and small MF muscle volume are associated with the aggravation of sagittal imbalance.
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